The main behaviour change intervention available for coronary heart disease (CHD) patients is cardiac rehabilitation. There is little recognition of what the active ingredients of behavioural interventions for CHD might be. Using a behaviour change technique (BCT) framework to code existing interventions may help to identify this. The objectives of this systematic review are to determine the effectiveness of CHD behaviour change interventions and how this may be explained by BCT content and structure.
Methods and Findings
A systematic search of Medline, EMBASE and PsycInfo electronic databases was conducted over a twelve year period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) to identify studies which reported on behaviour change interventions for CHD patients. The content of the behaviour change interventions was coded using the Coventry Aberdeen and London-Refined (CALO-RE) taxonomy. Meta-regression analyses examined the BCT content as a predictor of mortality. Twenty two papers met the criteria for this review, reporting data on 16,766 participants. The most commonly included BCTs were providing information, and goal setting. There was a small but significant effect of the interventions on smoking (risk ratio (RR) = 0.89, 95% CI 0.81-0.97). The interventions did not reduce the risk of CHD events (RR = 0.86, 95% CI 0.68, 1.09), but significantly reduced the risk of mortality (RR = 0.82, 95% CI 0.69, 0.97). Sensitivity analyses did not find that any of the BCT variables predicted mortality and the number of BCTs included in an intervention was not associated with mortality (β = -0.02, 95% CI -0.06-0.03).
Introduction
Coronary heart disease (CHD) is the leading cause of death worldwide, for both communicable and non-communicable diseases [1] . In the UK, CHD remains a stable killer with approximately 74,000 deaths per year [2] . Within high-income countries there are more CHD deaths in areas of greater deprivation [3] and in individuals in manual occupational groups [4] .
There is a widespread public health campaign promoting healthy behaviour, such as physical activity, which is based upon primary prevention literature about risk factors for CHD [5] . However, much of the secondary prevention guidance, such as the Quality and Outcomes Framework [6] , focuses on blood pressure and cholesterol control, which can also be achieved through pharmacological intervention. This may be due to a mixed evidence base regarding individual health behaviours in secondary prevention; for example a systematic review of interventions involving reduced fat diets did not find a significant reduction in the risk of future CHD events or mortality [7] .
For those CHD patients who want to try and change behaviours, the main lifestyle intervention available in Europe is cardiac rehabilitation, which primarily comprises education on CHD, disease and stress management, and physical activity classes. Such interventions are not based on theories of behaviour change, and UK evidence suggests that the benefits may be limited [8] . European data from EUROASPIRE-IV also suggests that a large proportion of CHD patients are not meeting clinical targets, for example 60% reported little or no exercise [9] . Furthermore, only half of patients were referred to a cardiac rehabilitation programme and not all of these actually attended [9] . Issues of non-attendance and adherence may be more pronounced in those groups who are at greatest risk, for example, individuals with lower socio economic status [10] .
Effective behaviour change requires more than simply providing information on what changes need be made. Michie and colleagues have stressed the importance of behaviour change interventions being placed in the context of psychological theory and developed a taxonomy to classify such interventions, called the CALO-RE taxonomy [11] . Behaviour change taxonomies can be helpful both for those describing an intervention they are administering, and for classification of existing interventions for review, using a comprehensive coding system.
In addition to the known issues regarding definition of intervention content, addressed through frameworks such as the TIDieR checklist [12] , there are also problems with evaluation. This most commonly relates to issues with the primary outcomes selected, which is then reflected in the selection of outcomes for inclusion in previous meta-analyses. If interventions are aiming to target health behaviours, then the meta-analyses should reflect this. Existing meta-analyses of heterogeneous pools of RCTS suggest that psychosocial interventions for CHD may be effective(e.g. [13] ), finding a weighted relative risk of 0.82 for mortality. However what these reviews cannot tell us is what components of these interventions may be effective and the effect of these interventions on other outcomes such as health behaviours.
The objectives of this systematic review are to identify psychosocial or lifestyle behaviour change RCTs for CHD patients and to: i) determine the effect on health behaviours, intermediate outcomes of blood pressure and BMI, and CHD events and mortality and ii) to code the content of these interventions using the CALO-RE behaviour change taxonomy [11] and examine how the content and structure (length, format, theoretical basis) can predict effectiveness.
Methods
This review was reported in accordance with PRISMA guidelines (see S1 Table) .
Search Strategy
The search for appropriate literature was conducted using the OvidSP search engine in February 2016, searching Medline, EMBASE and PsycInfo electronic databases. The search aimed to identify studies which reported on lifestyle or psychosocial behaviour change intervention programmes for patients with CHD. The search included studies over a twelve year period from 2003-2015 to capture more recent developments in behaviour change theory and intervention [14] and was restricted to articles that were published in the English language.
A search of keywords, abstracts, and titles was conducted for the following search terms: (Intervention or rehabilitation or modification or prevention or promotion or management or programme or feedback) combined using the AND command with (behaviour or lifestyle), AND (myocardial infarction or coronary heart disease or coronary artery disease or heart attack or cardiac arrest or coronary infarction or cardiac infarction) AND (post or secondary).
After having performed the search, titles and abstracts were downloaded into an electronic database and duplicates were excluded. Two review authors (LG and NK) independently assessed the eligibility of each study. Disagreements were discussed with a third author (GO).
Inclusion criteria
The following inclusion criteria were applied to the articles:
1. Randomised controlled trial design, with no restriction on the length of follow-up.
2. Participants of 18 years of age or above, with a primary diagnosis of CHD, which included patients with unstable angina, patients who had undergone percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG), patients with acute coronary syndrome (ACS) or those who had suffered a myocardial infarction (MI).
Data extraction and analysis
Data was independently extracted by two researchers (NK and GO) and data extraction was conducted by both researchers for all articles. Inter-rater agreement was assessed by a third researcher (LG) who checked through the full extraction, and any queries were discussed between all three researchers. The data extracted from the articles included: authors, date, country, population description, sample size and characteristics, type of randomisation, intervention overview and content, length, number of sessions, who administered by, timing and number of follow-ups, description of control arm, theoretical basis and a description of the primary outcome. The outcome data which was extracted included: health behaviours (smoking, physical activity, diet, medication adherence), intermediate outcomes (body mass index, blood cholesterol, blood pressure), cardiovascular events, mortality and total drop-outs. Further details on the results were extracted from the papers which is available from the authors on request.
Authors were contacted to request additional information for the meta-analysis when it was not reported in the paper. These requests were generally for continuous outcome data at follow-up for intermediate outcomes, when either change scores or the proportion of the sample meeting a specified clinical criterion was reported.
Content of the intervention
The content of the behaviour change interventions was coded using the Coventry Aberdeen and London-Refined (CALO-RE) taxonomy, which includes 40 behaviour change techniques [11] . This taxonomy includes a description of each of the techniques, with specific examples provided. Although there are items which appear similar, the taxonomy has been developed to avoid overlap; for example, technique 5 is 'goal setting (behaviour)' which is distinguished from technique 6 'goal setting (outcome)', which relates to measurable outcomes such as blood pressure or weight loss. The BCT content of each intervention was rated by 3 researchers (NK, GO & LG) and any discrepancies were discussed and the final rating was agreed.
Assessment of study quality
The methodological quality of the included studies was assessed with the "Cochrane Risk of Bias Tool" [15] , which aims to evaluate the risk for the most relevant biases, assigning a judgement of "low", "unclear" or "high risk" for six different domains. These criteria included assessment of the internal validity of the trial and the quality of reporting Two authors (GO, LG) independently assessed the quality of each study. Disagreements were discussed and, if necessary, a third author (MHH) was consulted.
were conducted as it was predicted that there would be between study heterogeneity resulting from differences in the populations and the interventions. The meta-analyses for both mortality and smoking were also stratified by i) study length, ii) whether they were individual or group interventions, and iii) if the intervention had a theoretical basis for the outcomes. Sensitivity analyses were conducted examining the BCT content of the interventions as a predictor of mortality in meta-regressions. The most commonly applied BCTs were analysed in the meta-regression using the following categories: provide information-BCTs 1, 2, 20 & 21; goal setting/action planning-BCTs 5, 6 & 7; review of goals/self-monitoring-BCTs 10, 11, 16 & 17; stress management-BCT 36; social support-BCT 29, and provide feedback-BCT 19.
Results

Study selection
The original search revealed 1400 articles, 874 of which remained after duplicates had been removed and 157 remained after irrelevant articles were removed (see Fig 1) . After full text review, twenty two papers met the inclusion criteria and were included in this review [8, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] which in total reported data on 16,766 participants.
Overview of the interventions
See Table 1 for full details of the intervention studies. The intervention length differed between studies; five interventions lasted less than 3 months [8, 23, 25, 29, 38] , ten were 3-6 months in length [18, 21, 22, 24, 30, [33] [34] [35] [36] [37] , four lasted for 12 months [19, 27, 31, 32] , one was 18 months [28] and two lasted as long as 3 years [20, 26] . The sample sizes ranged from 120 for the smallest study [35] to 3241 participants in the largest [20] .
The interventions were delivered most commonly by nurses (six of the studies) [8, 21, 23, 24, 27, 38] , followed by counsellors or coaches in 4 studies [18, 22, 32, 36] , by doctors in 3 studies [19, 25, 26, 37] , two were delivered by a cardiac rehabilitation team [20, 30] , three through automated text messages [33] [34] [35] and the three remaining studies were delivered by pharmacists [31] , by both GPs and nurses [28] , and finally by both psychologists and nurses [29] . Seventeen of the interventions were delivered on an individual basis, either in person [23-28, 31, 38] or over the telephone [18, 19, 21, 22, [32] [33] [34] [35] [36] , and five were group interventions [8, 20, 29, 30, 37] .
The control condition differed between studies, but most commonly comprised "usual care", which in seven studies involved a cardiac rehabilitation programme [20, 23, 24, 29, [33] [34] [35] . Only nine of the seventeen studies reported that they had a theoretical basis [18, 21-23, 28, 29, 33, 34, 36] . The primary outcome differed between studies. Four studies reported that the primary outcome was a derived CHD risk score or algorithm [24, 29, 30, 32] , with a further five reporting multiple primary outcomes [22, 23, 27, 37, 38] . Four studies defined the primary as achieving a range of clinical targets [19, 25, 28, 34] . Table 2 ) Health behaviours. Physical activity: Although physical activity was assessed by 20 studies as an outcome, it was measured in a number of different ways and the data could not be combined statistically. It was, for example, assessed using a physical activity questionnaire, or as the proportion of the sample who met a specified criteria, e.g. exercising 5 times per week. Twelve of the 20 studies reported a statistically significant finding, indicating a positive impact of the intervention on physical activity.
Inclusion of BCTs
Effectiveness of the interventions (see
Diet: Fifteen of the studies measured diet as an outcome, but the definitions were very different; from a Mediterranean diet score, to servings of fruit and vegetables, to dietary fat intake. Nine of the 15 studies reported a statistically significant improvement in diet in the intervention compared to the control group.
Smoking: Fifteen studies reported on prevalence of smoking at follow-up and all of these were included in the meta-analysis (see Fig 3) . The weighted risk ratio across these studies indicated a small but significant effect size (RR = 0.89, 95% CI 0.81-0.97), indicating that overall the interventions were more likely to result in smoking cessation compared to the control arms. Random effects models indicated that there was low heterogeneity between studies (I 2 = 23%).
Medication adherence: Nine studies reported on medication adherence to cardioprotective medications [19, 23-25, 27, 31, 33, 34, 38] with four of these assessing self-reported medication adherence [19, 33, 34, 38] . Three of these studies reported that the intervention had a positive impact on adherence [27, 34, 38] .
Intermediate outcomes. BMI: Data was available for 8 studies, for both the intervention and control arms, on mean BMI at follow-up. The weighted mean difference between the intervention and control groups at follow-up was -0.39 kg/m 2 (95% CI -1.03-0.25) suggesting that there was not a significant difference between the groups for BMI. There was high heterogeneity across studies (I 2 = 89%).
Blood pressure: Data was available for 10 studies for means at follow-up for systolic blood pressure (SBP) and for 9 studies for diastolic blood pressure (DBP). The weighted mean difference for SBP suggested a significant difference between the intervention and control groups of -3.13 mmHg (95% CI -5.11 --1.15) with moderate heterogeneity across studies (I 2 = 69%). There was a small significant difference between the groups for DBP with a weighted mean difference of -1.12 mmHg (95% CI -2.10 --0.13) and moderate heterogeneity across studies (I 2 = 53%).
CHD events and mortality. Five studies reported on the risk of CHD events between baseline and the final follow-up after the intervention. Four of these reported on the number of myocardial infarctions or total non-fatal cardiac events [8, 20, 23, 26] , whereas one study reported only on the combined number of coronary deaths and non-fatal myocardial infarction events [27] . The weighted risk ratio indicated that the interventions did not have a significant effect in reducing the risk of CHD events (RR = 0.86, 95% CI 0.68, 1.09) and there was moderate heterogeneity across studies (I 2 = 55%) (see Fig 4) .
The total number of deaths was reported in 15 studies, even though for many it was not reported as an outcome and was only referred to in relation to the flow of participants. The weighted effect across all 15 studies indicated a small significant effect size of the interventions in reducing risk (RR = 0.82, 95% CI 0.69, 0.97), with low heterogeneity across studies (I 2 = 6%) (see Fig 5) .
Predictors of effects
Intervention length. The 15 studies which reported on mortality were stratified by length, suggesting that the longer interventions may have better outcomes; less than 3 months (RR = 0.97, 95% CI 0.75-1.26), 3-6 months (RR = 0.79, 95% CI 0.37-1.66), and 12 months or longer (RR = 0.76, 95% CI 0.62-0.92) although the difference in estimates was not statistically significant. The same pattern was not shown for the length of the intervention on risk of smoking; less than 3 months (RR = 1.06, 95% CI 0.87-1.30), 3-6 months (RR = 0.81, 95% CI 0.70-0.95), and 12 months or longer (RR = 0.92, 95% CI 0.80-1.04).
Individual or group delivered. The interventions were stratified by whether they were delivered on an individual basis or in a group setting, with the results for mortality suggesting that the individual interventions (RR = 0.76, 95% CI 0.61-0.95) may be more effective than the group interventions (RR = 0.94, 95% CI 0.73-1.22) although this difference was not statistically significant. The same analyses with smoking as the outcome showed no difference between these groupings; individual (RR = 0.89, 95% CI 0.80-1.00) and group interventions (RR = 0.89, 95% CI 0.76-1.05).
Theoretical basis. Studies were stratified on the basis of whether the intervention had been developed based upon psychological theory. The results for mortality suggested that the interventions without a theoretical basis (RR = 0.79, 95% CI 0.67-0.94) were more effective than those with a theoretical basis reported (RR = 1.06, 95% CI 0.65-1.75), but the difference between these groups was not statistically significant. The results for smoking did not suggest that there was a difference between these groups: no theoretical basis (RR = 0.95, 95% CI 0.85-1.05) and theoretical basis (RR = 0.83, 95% CI 0.70-0.99).
Inclusion of BCTs. Sensitivity analyses were conducted examining the different categories of BCTs as predictors of mortality in meta-regressions, in addition to a model examining the number of BCTs. The analyses did not show that any of the variables predicted mortality: goal setting/action planning (β = -0.06, 95% CI -0.28-0.15), review of goals/self-monitoring (β = -0.07, 95% CI -0.25-0.11), stress management (β = 0.08, 95% CI -0.13-0.30), social support (β = -0.06, 95% CI -0.25-0.14) and providing feedback (β = -0.03, 95% CI -0.20-0.15). The number of BCTs included in an intervention was also not associated with mortality (β = -0.02, 95% CI -0.06-0.03).
Quality assessment
The risk of bias for every domain for each study is reported in Fig 6. The majority of studies had a "low risk" for the selection bias domain, which includes random sequence generation and allocation concealment. Blinding was generally not possible for both patients and those who administered the intervention. For this reason most of the studies were considered to have an "unclear risk". Attrition bias was one of the main issues in terms of quality. For almost half of the included studies the risk of attrition bias was considered to be "high", as incomplete outcome data were not adequately addressed. The high prevalence of "unclear risk" judgments reflects the lack of clear reporting rather than a clear evidence of bias. This is in line with the finding of a general sub-optimal reporting of RCTs despite the large diffusion of instruments designed to help transparent reporting, such as the CONSORT Statement [39] .
Discussion
This review identified twenty two behaviour change intervention studies, from a range of countries, evidencing an overall positive impact of these interventions on smoking, systolic and diastolic blood pressure and mortality, but no effect on BMI or CHD events. There was limited evidence that longer interventions may be more effective in reducing mortality risk than those lasting for three months or less, and that interventions delivered on an individual basis (rather than as a group) may also be more likely to reduce the risk or mortality. Although this review aimed to identify which BCTs may be most effective in CHD patients, there was no association between individual BCTs with mortality, nor with the number of techniques used in an intervention.
This review was unique in extracting data on a range of outcomes. However, there was such heterogeneity in the measurement of health behaviours, such as diet and physical activity, that it was not possible to combine the results across trials in meta-analyses. The trials did seem to be effective in reducing the risk of smoking, albeit only a small decrease in risk, even though all but one were not designed specifically as smoking cessation programmes. This is in agreement with existing findings that smoking cessation programmes are effective in CHD patients [40] . Although secondary prevention guidelines for CHD tend to focus on pharmacological management of risk factors (e.g. UK Quality and Outcomes Framework; [41] ), only nine studies reported on medication adherence as an outcome, and only three of these reported a positive outcome. For many participants, adhering to medication may be a more tangible change than modifying his/her diet, or increasing frequency of exercise, so this may have been a missed opportunity in trials which did not target adherence. Even though there were only small changes in the intermediate risk factors of blood pressure and BMI, there was still a positive effect of the trials on the risk of mortality. The effect size for mortality was also in line with previous reviews of psychological interventions for CHD (e.g. [13] ).
The different studies varied in how the primary outcome was defined, most likely as a result of the range of outcomes available to select in this type of trial. Although a number of studies tackled this choice by using a combined outcome, such as the Framingham algorithm for CHD risk, an equal number stated multiple primary outcomes which the CONSORT guidelines advise against [42] . Other studies reported the primary outcome as meeting clinical guidelines for a range of risk factors based upon a score or algorithm [24, [29] [30] [31] [32] , but this was also open to misinterpretation if the primary outcome was stated to be met if a single guideline was achieved [19] . One of the implications of this review is that complex interventions targeting multiple outcomes may still have to select a single outcome (such as medication adherence) as the primary outcome, as long as the other constituent outcomes are reported in detail as secondary outcomes.
One of the aims of this review was to use an existing taxonomy to code behaviour change interventions, and to identify which techniques may be most helpful to this patient group. Whilst we were able to code all of the interventions and examine which were the most commonly used techniques, such as providing information and goal setting, we did not find evidence that it was these or other techniques which contributed to the overall effectiveness of the interventions. This may be due to the fact that most interventions included a range of techniques and there may be a synergistic effect of combining different techniques, as opposed to single techniques working alone. One example of this was that goal setting was included more commonly than review of outcome goals, even though these strategies would be expected to be implemented together. There has also been debate as to whether including more or less BCTs may have the most positive outcomes; an intervention with fewer BCTs may be more coherent and therefore easier to ensure intervention fidelity [43] . Coding of inclusion of BCTs was also only based upon the written information provided in the papers, which may not have been complete descriptions.
A limitation of the current behaviour change taxonomies is that they do not provide detail on specifically how the BCTs were applied (i.e. the clinical competence attached to the technique) and additionally how long each technique was used for, which could be the crucial element in determining efficacy. For example, on paper, goal setting appears to be a simple technique which was used commonly across the interventions, and that is also evaluated favourably by clinicians (e.g. [44] ). However, it may still be open to misuse and could have been implemented quite differently, e.g. if the goals were set by clinicians rather than patients.
The interventions in this review were most commonly delivered by nurses. In some studies this was specific cardiac nurses, but some studies did not seem to prioritise this illness specific experience. The recent competence framework, specific to psychological interventions for people with physical health conditions, highlights 7 domains including generic therapeutic competencies for psychological interventions and condition specific interventions [45] . This framework suggests that whilst there are psychological techniques that can be applied across any patient group, a level of expertise is required that is specific to a condition. Further issues such as disease specific training and supervision are also highlighted in this framework [45] , which were not summarized in many of the studies included in this review.
Strengths and limitations
The strengths of this review are that it involved a comprehensive data extraction of a range of outcomes for CHD interventions, developing previous reviews both in the detail of the extraction and in undertaking BCT coding. One of the potential limitations is that there may not have been sufficient statistical power to examine the individual BCTs in meta-regression as predictors of outcome; however, the size of the effects found did not indicate that the null result was a consequence of lack of power. It was also not possible for us to assess publication bias, and methods such as assessing asymmetry in funnel plots are not recommended when there are a small number of studies [46] . Many of the studies included were assessed as having a high risk of attrition bias, which could have affected the preciseness of the estimates in the metaanalyses. The risk of bias assessment did not suggest that there was likely to be reporting bias due to selective reporting of outcomes.
There was considerable variation between studies in the measurement and definition of the health behaviour and biological outcomes. The majority of the health behaviour outcomes were also self-reported and there is potential that social desirability effects may have been greater if participants knew they were in the intervention group. This review applied broad inclusion criteria and patients who had experienced different treatment were pooled together. However, this was consistent with a pragmatic approach aimed at emphasising the generalisability of these results to healthcare settings more widely.
Clinical and research implications
One of the implications from this review for clinical practice relates to whether healthcare commissioners should be investing in new psychological behaviour change interventions, or if existing cardiac rehabilitation programmes could be further developed both in the content and through tackling issues which have led to poor uptake and adherence. Although the West study showed no positive effect of CR in a multi-centre RCT, other studies have argued that this may have been due to lack of power to detect change due to the trial terminating early [47] and a further Cochrane review of CR did find a positive effect on mortality [48] . Many of the studies in this review compared their intervention to usual care which included CR and showed positive outcomes, but in the main these effects were small. A number of the more recent interventions used automated text messaging for delivery [19, [33] [34] [35] . These methods seemed to be as effective as the face-to-face programmes, but are more likely to be cost effective and easily implemented on a wider scale.
We have identified a number of generic difficulties in reporting and synthesising intervention studies in this area, which should be addressed in future research. 1) The content of the intervention and the method of delivery were not clearly reported. The BCT taxonomies are helpful in defining the intervention techniques, but this will be most useful when this information is embedded within the content of the intervention (e.g. goals were set in relation to gradual increases in activity versus smoking cessation) and reports on how the techniques were delivered (e.g. using guided discovery and collaborative decision making versus a more didactic approach). Making treatment manuals publically available will enable better comparison of studies. 2) There was high heterogeneity and lack of specificity in the definition of 'treatment as usual'. This issue may to some extent be unavoidable due to different practices in cardiac rehabilitation across regions and countries, but it can be improved through applying greater rigour and standardisation in the coding of treatment received by the control group. In some studies it was stated that control participants could be referred to cardiac rehabilitation, but whether referral/attendance actually occurred was not always taken into account in the evaluation. The use of BCT coding for the control treatment may additionally be helpful. 3) There were reporting issues for the primary outcome measure. In this area of research multiple outcomes are relevant and one health behaviour or physiological outcomes cannot necessarily be prioritised over another. Whilst CHD events or mortality may be an obvious primary outcome, many pilot or early stage intervention studies will not be powered to detect these outcomes. Reporting multiple endpoints may be the most appropriate option, even though this is problematic statistically, it would not fit with current reporting frameworks and there is scope for reporting bias. Furthermore there are some behavioural outcomes, for example smoking, which are not undertaken by all participants in a trial so additional reporting guidelines are required on the most appropriate evaluation approach.
Conclusions
Although this review found evidence for a positive effect of these secondary prevention interventions on smoking, systolic blood pressure and mortality, the major challenge is in defining the content of the interventions and identifying what might be the active components. Using a BCT taxonomy helped us to understand which were the most commonly used techniques, providing information and goal setting, but it was not possible to identify what were the essential ingredients of these behaviour change interventions.
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